Introduction
[2] Fog, in a variety of formation types, sometimes brings about serious hazards to transportation using aircrafts, ships, and cars under poor visibility condition. Since major transportation facilities, such as airports, harbors, and trunk roads, are often constructed in fog-prone areas around the world, chances for accidents caused by reduced visibility always exist [e.g., Whiffen, 2001; Whiffen et al., 2003] . South Korea recently had a tragic accident with a pileup of 29 cars and trucks on a major highway near the western coast because of dense fog with visibility of 50-60 m, leaving 11 dead and 50 injured.
[3] Previous studies on fog have focused on particular regions of frequent fog occurrence or on respective characteristics of radiation fog or advection fog (i.e., sea fog) [see Meyer and Lala, 1990; Lewis et al., 2004] . This might be because fog is one of the meteorological phenomena greatly influenced by geographical characteristics and because the fog formation occurs from different causes.
[4] The Korean Peninsula, surrounded by seas on its three sides and featured by a complex topography, demonstrates strong regional characteristics in fog formation. Studies on fog formed over the Korean Peninsula have focused on indirect understanding of the fog formation by analyzing the relationship between the fog formation and other meteorological data, rather than direct understanding of the mechanism of fog formation [e.g., Won et al., 2000; Heo and Ha, 2004] . Kim and Lee [1970] categorized fog regions in the Korean Peninsula based on different formation types and reported that the western and southern coastal areas are mostly affected by sea fog or frontal fog, the eastern coastal areas are affected by sea fog formed by a mixture of warm and cold ocean currents, and the inland areas are affected by radiation fog or frontal fog. The frontal fogs are related to cyclones or a monsoon front moving into the peninsula during spring and summer, while radiation fogs mostly occur in clear autumn days. Kim and Yum [2010] investigated the relationship between coastal/sea fogs at a western coastal area and synoptic pressure patterns over the Korean Peninsula. They found that coastal/sea fogs showed the highest occurrence under the North Pacific High (38%), followed by the Siberian High (28%) and migratory anticyclones (19%) and cyclones (14%).
[5] Cho et al. [2000] reported that the frequency of sea fog occurrence is at its maximum in July in all seas around the Korean Peninsula with the highest frequency over the Yellow Sea (YS), followed by the East China Sea (ECS) and the East Sea/Sea of Japan (ESJ). Among the three seas, the value of the surface air temperature (SAT) minus the sea surface temperature (SST) is the largest over the YS in July. According to Kim and Yum [2010] , duration of sea fog extends more than 24 h regardless of season.
[6] Zhang et al. [2009] recently studied the mechanism of onset (April) and retreat (August) of sea fog over the YS. The onset is strongly linked to the land-sea differential heating that leads to formation of a shallow anticyclone over the cool YS and northern ECS, whereas the retreat is associated with large-scale changes in the East Asian monsoons. During the core fog season of the YS (MayJuly), persistent monsoonal southerlies blowing into the lower SST areas are the major source of sea fog over the YS.
[7] The monsoonal frontal systems cause fogs over the coastal and inland areas as well as the seas in Korea. The monsoon season brings heavy rainfall in Korea between middle or late June and July because of the stationary fronts (called Changma) formed between the North Pacific High and the Okhotsk High. When the Korean Peninsula is positioned in the northern part of the Changma front, cloud systems develop along the stationary front because of inflow of a cold and humid northeasterly from the Sea of Okhotsk, and thick fog often forms in the south and west coasts of the Korean Peninsula because of inflow of highly humid air. Highly dense fog most likely occurs on the stationary front after a light precipitation event, and the persistent fog event is often observed in the North Pacific High after a dry condition [Heo and Ha, 2004] .
[8] Frontal fog forms in an inversion layer across the frontal surface when rainfall occurs in a warm air mass above and gets evaporated and supersaturated in a cold air mass below, under the condition of quite weak wind over a slowly moving cold front or a stationary front. Fog also forms easily when the cold air below the frontal surface has a lower temperature than the dew point of warm and moist air ascending the frontal surface [Elliott, 1988] .
[9] Although some properties of fog are known in terms of formation mechanisms and associated synoptic environment, an accurate forecast of formation, duration, and intensity of fog is one of the most difficult problems that local forecasters are faced with [Ballard et al., 1991] . This difficulty arises from the complexity on which the fog is dependent, including topography and microphysical and mesoscale processes in the boundary layer forced by related synoptic systems [Croft et al., 1997] .
[10] Studies on understanding the mechanism of fog and developing corresponding forecast skills have been performed using various resources including climate data, satellite data, and numerical models. Analyses using climate data have limitations in assessing dynamical features of fog formation and in revealing mesoscale temporal variability of the planetary boundary layer [Croft et al., 1997] , mainly because of coarse temporal and spatial resolutions. Satellite data have their own strength in that they cover coastal areas. However, they may not be available during night, and their capability to discern between lower clouds and fog is limited. Using Moderate Resolution Imaging Spectroradiometer data, Bendix et al. [2005] suggested a method to reduce errors in identifying the lower clouds and fog, but it is in an experimental stage.
[11] Numerical simulation studies had focused on radiation fog, which has a relatively clear formation process [e.g., Taylor, 1917 ; see a review by Rao and O'Sullivan, 2003] . Bergot and Guedalia [1994] performed a sensitivity test with a 1-D model to improve forecast of radiation fog. They noted that the forecast accuracy decreased when the atmospheric cooling is weak, in the case of fog occurrence in the middle or at the end of the night. For the advection-related sea fog and coastal fog, extensive studies have been performed on the relationship between the fog formation and synoptic field, because of the difficulties in observations and the nonlinear effect of advection term [Leipper, 1994; Roach, 1995; Jhun et al., 1998; Choi, 2001] .
[12] Even though the numerical modeling plays a key role in many forecast problems, the fog forecast still remains a laborious task. High-resolution observational data are essential for a reliable numerical forecast, but it is hard to obtain such data in the case of fog. In Korea, the visibility (i.e., the fog index) is observed with the naked eye in a manned observatory every 3 h. Although the aviation observatory provides instrumental visibility data collected every hour, practical use of such data is limited because of the insufficient amount of accumulation.
[13] Improving forecast accuracy of various types of fog, based on empirical and/or numerical approaches, is essentially dependent on a thorough understanding of the spatial and temporal characteristics of corresponding types of fog. In this study, the possibility of detailed assessment of such characteristics and classification of fogs that occurred over the Korean Peninsula (South Korea only) is investigated using the empirical orthogonal function (EOF) analysis [see Lorenz, 1956] and the wavelet analysis [see Torrence and Compo, 1998] .
[14] A data set, consisting of a number of interrelated variables, can have its dimensionality reduced through the principal component analysis (i.e., the EOF analysis) while retaining existing variation as much as possible [see Jolliffe, 1990 Jolliffe, , 1993 . In other words, by transforming the original data to a new set of variables, one can extract a few independent variables (predictors or factors) that convey most of the variation in the original data.
[15] The EOF analysis has been applied to various studies in meteorology. Fiorino and Correia [2002] applied this method to filter mesoscale gravity wave signals from synoptic scale observations, while Schmidli et al. [2001] used it to reconstruct mesoscale precipitation fields from sparse observations. The wavelet transform has been increasingly used for separating different scales of variability. Recently, it has been implemented with respect to precipitation that has observational properties similar to fog, not consecutive in time unlike air temperature and wind direction [Nolin and Hall-McKim, 2006] . Wavelet transforms are also applied to convection over the tropical western Pacific to identify multiple timescales [Weng and Lau, 1994] and to precipitation over the United States to extract multiscale spatial and temporal variability [Joseph et al., 2000] . However, either method has rarely been applied to fog analysis. This study is significant in that both the EOF and wavelet analyses are performed using fog data for the first time and that the occurrence of various fogs (e.g., frontal fog, radiation fog, and advection fog) is shown to be analyzed with a signal.
[16] In this study, aimed at providing background information to improve quantitative forecast of fog over South Korea, fogs are classified based on the spatial and temporal characteristics using the visibility data and the EOF and wavelet analyses. Noting that research on fogs and associated forecasts has been limited to case studies or monthly climate data analyses so far, it is expected through this study to extend the range of understanding on the fog occurrence characteristics to the viewpoint of various spatial and temporal scales.
Data and Methodology
[17] The visibility data were collected at a 3 h interval by the naked eye over the last 20 years (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . Here, fog is defined such that visibility is less than 1 km. Poor visibility cases (<1 km) caused by precipitation are excluded. Analyses are done for 26 observation stations (14 coastal and 12 inland) of the Korea Meteorological Administration (see Figure 1 ). The elevation of each station is shown in Table 1 .
[18] The cloud data are used to investigate whether fog in autumn is essentially radiation fog. The cloud amount at the middle and lower layers is collected at the same sites of the visibility observation, with the same method (i.e., every 3 h by the naked eye), and is represented in a class from 0 (clear) to 10 (overcast). The clear day is defined as 2 or below, and the cloudy day is defined as 5 or above.
[19] To delineate the relevance to sea fog in the coastal area, the monthly SST and SAT distributions in the ESJ, YS, and ECS are used. The SSTs are based on the averaged monthly data of optimal interpolation SST (OISST) over the past 20 years (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) [see Reynolds et al., 2002] . The resolution of OISST is 1°× 1°, and the grid points used for the SST are located at 125°-130°E, 32°-35°N in the ESJ; at 125°-127°E, 35°-38°N in the YS; and at 128°-130°E, 35°-38°N in the ECS. The SAT data are based on the averaged monthly data from the National Center for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR) reanalysis for the past 20 years, at a resolution of 2.5°× 2.5° [Kalnay et al., 1996] . The grid points for the SAT cover the same area as those for the SST. Note that some spatial errors are recognized because of the discrepancy in grid point locations between the SST data and the SAT data.
[20] With a purpose of investigating the spatial distribution characteristics of fogs, the EOF analysis is performed using the visibility data. It can be described simply by defining a set of time-spatial fog occurrence anomalies, F(x, t), as
where x represents the spatial component and E n (x) represents the eigenvector describing a particular spatial representation, i.e, nth EOF. The a n (t) is the amplitude (principal component (PC)) corresponding to E n , and N is the number of stations. It is shown that the fog occurrence anomalies can be transformed to two variables: the EOF depicting spatial structures and the PC showing a time series of the corresponding EOF. Since the EOFs are orthogonal in space, there exists no space correlation between any two EOFs. Similarly, since the PCs are orthogonal in time, there is no simultaneous temporal correlation between any two PCs.
[21] In addition, the wavelet transform technique is applied to investigate the multiscale spatiotemporal characteristics of fog. The wavelet analysis transforms the time series data into the space of time versus scale (i.e., period in this study) to find major scales of fog occurrence variances and displays the variability of the concerned scale in terms of time. That is, the wavelet displays the components of a particular frequency at a particular time. A continuous wavelet transform is performed using the Morlet wavelet basis (y 0 ), which is represented as follows [Morlet et al., 1982] :
where h is a nondimensional time parameter and w 0 is a nondimensional oscillation frequency. Here, w 0 = 6 is used to satisfy the "admissibility condition" [Farge, 1992] .
[22] The continuous wavelet transform, W n , of the discontinuous observational data c n is defined as follows:
where *refers to a complex conjugate. By varying the wavelet scale, s, and translating along the localized time index, n, we can show the spatial characteristics and the temporal variations of the amplitude simultaneously [Torrence and Compo, 1998 ]. This study used the time series data obtained from respective modes in the EOF analysis (i.e., score).
[23] In applying the EOF and wavelet analyses, we used the visibility data collected in a 3 h interval every day. That is, each day includes data at 03, 06, 09, 12, 15, 18, and 21 local standard time (LST), resulting in 365 × 8 per year (excluding 29 February in a leap year). The data are accumulated every year on each Julian day for 20 years; hence, some specific time slot may have a maximum of 20 counts.
[24] In summary, this study is performed through the following steps: (1) to prepare a high-resolution (3 hourly) data set for fog occurrence in South Korea during last 20 years, (2) to perform the EOF analysis to the data set to extract major spatial distribution modes, (3) to apply the wavelet analysis to the EOF time series of each mode to assess multiscale spatiotemporal characteristics of fogs over South Korea, and (4) to analyze physical mechanisms related to such spatiotemporal characteristics of fogs.
Results
[25] As the Korean Peninsula is surrounded by seas on its three sides, we have supposed that frequency distributions are different from the coastal area to the inland and have analyzed the frequency distributions of respective forecast regions based on the 20 year data. Monthly fog frequency analysis in Figure 2 shows that June records the highest in fog occurrence in both coastal and inland areas. The fog occurrence is dominant in the coastal area during spring and summer (March-August) and in the inland area during autumn and winter (September-December). The inland shows relatively high fog occurrence in autumn, especially in October.
[26] The spatial distributions of fog occurrence at different local times (00, 06, 12, 18 LST) are shown for summer ( Figure 3 ) and autumn (Figure 4) . In Figure 3 , the fog around the eastern coast and western part of the southern coast shows higher frequency than inland and varies rarely with time. It means that the fog occurrence in those coastal areas in summer is little affected by the diurnal variation (i.e., radiative heating and cooling). So the summer fog in the coastal area, excluding the western coast, is closely related to the advection fog that occurs when the moist air passes over a cool surface. Meanwhile, the autumn fog mostly occurs around the inland area (see Figure 4) , especially Gyeongsangbukdo Province (mideastern parts of South Korea), and shows certain daily-range high frequency at 06 and 24 LST (nighttime) and low frequency at 12 and 18 LST (daytime). Hence, the nighttime inland fog in autumn may be related to the radiation fog, formed by the radiative cooling.
[27] It is noteworthy that the eastern and southern coastal areas show higher fog occurrence than the western coastal areas in summer (see Figure 3) . This is contradictory to the result of Cho et al. [2000] that the west coast showed the highest occurrence of sea fog in Korea. Two possible reasons exist for this contradiction. First, their results show sea fog only, whereas our result may represent all types of fog including radiation fog, frontal fog, precipitation fog, advection fog (from nonsea source), lowered stratus, etc., as well as sea fog. Second, on the western coast, we have only 4 observation sites (all in the mainland), while they had 11 sites including eight stations over islands in the YS, focusing mainly on sea fog observations (compare Figure 1 herein and Figure 2 from the work of Cho et al. [2000] ). The ESJ has almost no island where meteorological observation may be available, except Ullungdo.
[28] To investigate the relationship between the fog occurrence and temperature in the coastal area, monthly SST and SAT distributions over the three seas are examined. Sea fog forms when warm air traveling over a relatively cool sea surface gets cooled and supersaturated. When the SST is lower than the SAT, the potential for fog formation is great [Cho et al., 2000] . Figure 5 shows monthly SST and SAT averaged for the last 20 years. The SST is lower than the SAT over the ESJ and the ECS from May to July and over the YS from April to July. It is noted that the YS, which has strong tidal mixing, shows the largest difference between the SST and SAT in summer. 
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[29] Our results in Figure 5 seem to be contradictory to those in Figure 3 in that the YS shows relatively lower fog occurrence in summer even with a much larger value in SAT-SST than the ECS and ESJ. As mentioned earlier, our results contain not only sea fog but also other types of fogs that may be observable in the coastal areas. This is supported by Choi [2001] , who reported that, with the existence of a cool pool of seawater in the open sea, not only sea fog can form because of direct cooling and saturation of air over the sea surface but also coastal (radiation) fog can form in the coast because of nocturnal cooling of the ground surface and moist air advected from the sea.
[30] With general features of fog in Korea examined, more specific spatial and temporal characteristics of the fog occurrence are investigated though the EOF and wavelet analyses. Figures 6-8 illustrate results from the EOF analyses, such as the EOF (i.e., spatial structure) and the PC (i.e., time series of corresponding EOF; represented in 3 h interval) (a and b, respectively), and results from the wavelet analyses, including the local and global wavelet power spectrum (c and d, respectively) in the space of time versus period. In the local power spectrum (Figures 6c, 7c, and 8c) , the thick contour encloses regions of the confidence level larger than 90%. In the global spectrum (Figures 6d, 7d, and  8d) , the confidence level of 95% is shown as a dashed line. Although the analyses are done for Julian days, the x axes of Figures 6-8 are depicted in terms of month for simplicity.
[31] In Figure 6 , the first loadings (eigenvector elements [Wilks, 1995] ) of EOF analysis on the fog frequency are illustrated. The first EOF mode, which occupies 48.9% of total variances, is represented with one sign (+) across almost entire areas of South Korea, except at the eastern coast and western part of the southern coast where small (−) values near zero appear (Figure 6a ). This implies that largescale changes affect the peninsula-wide fog occurrence with locally different characteristics under meteorological conditions of various temporal scales (see discussion in Figure 6c ). The time series of the first mode retain almost the same sign (+) throughout the year with maxima in June and relatively high amplitudes in autumn (SeptemberNovember) (Figure 6b ). The overall variations in the PC are similar to those in the monthly fog frequency analysis (compare Figure 2) . In the local power spectrum, a diurnal variation is dominant throughout the year with relevant control by 2 week to 2 month cycles, mostly significant at the confidence level of 90% (Figure 6c ). It suggests that this kind of fog can occur under meteorological conditions of various scales (from daily to seasonal); thus, it can be classified as mixed fog. However, at the east coast and western part of the southern coast, small values in spatial pattern (see Figure 6a) should result in small values in power spectrum (see Figure 6c) . Therefore, at those coastal areas, the fog occurrence has little diurnal variation, which is consistent with diurnal variation of fog occurrence in those areas in summer, as shown in Figure 3 . The global spectrum shows the 1 day cycle and other cycles (longer than 1 week) are significant at the confidence level of 95%, thus confirming that the fog over entire areas of South Korea occurs from various scales (Figure 6d ). In summary, the majority of fogs (>48%) that are observed over almost entire areas of South Korea except at the aforementioned coastal areas, throughout the year, are essentially mixed fog formed by meteorological conditions of various scales, e.g., daily scale (radiation fog), 1-2 week scale (large-scale synoptic systems), and 1-2 month scale (monsoon front, subtropical high, etc.), which can occur simultaneously at different areas in different types.
[32] Figure 7 depicts the second mode of EOF that occupies 19.5% of total variance. It illustrates distinct separation of spatial fog distribution, with a negative (−) sign over Gyeonggido Province (northwestern coastal/inland areas of South Korea), the west central coast, and south central inland (Mt. Jiri) and a positive (+) sign elsewhere (see Figure 7a) . The time series of the second mode shows (Figure 7b ). Cycles of 1-2 weeks and 1-2 months are dominant from late spring to early summer in the local power spectrum (Figure 7c) . The global spectrum also supports this result at the confidence level of 95% (Figure 7d ). Therefore, this fog is considered to be strongly affected by synoptic-scale weather systems (1-2 week cycle) and the monsoon system (1-2 month cycle). Note that the monsoon front is one of the major systems that affect the Korean Peninsula in early summer. Fog over the positive area is mostly affected by monsoon and/or cyclonic frontal systems, thus classified as frontal fog, whereas that over the negative area is mostly affected by the cold-core anticyclones moving over warm sea surface in winter or by radiative cooling, thus classified as steam fog (coastal/sea) or radiation fog (inland). However, the Jiri Mountain area shows the possibility of upslope fog caused by orographic lifting.
[33] Heo and Ha [2004] reported that fogs at southern and eastern coasts of South Korea mainly occur when frontal systems or a stationary (Changma) front move in. Our wavelet analysis captures features of frontal systems in late spring and early summer with a 1-2 week cycle and the Changma front from late June to July with a 1-2 month cycle. Kim and Yum [2010] showed that, in a western coast area, coastal fogs (i.e., radiation fog, frontal fog, etc.) were frequent in winter and warm water (steam) fog was frequent from January to May. This also supports our results that a good portion of negative loadings in winter are related to steam fog, while coastal fogs also are included.
[34] Properties of the third EOF mode, occupying 6.7% of total variance, are shown in Figure 8 . It depicts clear spatial separation of fog distribution around the coastal areas with a negative (−) sign and in the inland areas with a positive (+) sign (Figure 8a) . The former shows a high amplitude from late spring to summer, and the latter shows in autumn (Figure 8b ). In the local wavelet spectrum, cycles of 1-2 weeks and 1-2 months are dominant from late spring to midsummer (late April-July), while a diurnal variation is clearly displayed in autumn (Figure 8c ). This feature is also supported from the global spectrum (Figure 8d ). The negative loadings in the coastal areas are classified as sea fog affected by migratory anticyclones and monsoon [see Cho et al., 2000] , whereas the positive loadings in the inland present radiation fog under clear sky.
[35] It is reported that the occurrence of coastal fogs of the Korean Peninsula from late spring to summer is strongly affected by migratory anticyclones that move in a period of 1-2 weeks [Heo and Ha, 2004] . This feature is well presented in our wavelet analyses (Figures 8c and 8d) . Migratory anticyclones affecting the Korean Peninsula include one detached from the Siberian High and then moving from China, one separated from the North Pacific High, and one isolated from the Okhotsk High.
[36] Radiation fog occurs when the surface temperature falls down in a clear night, attributed to radiative cooling, the air around the surface becomes saturated, and the surplus vapor condenses [Roach et al., 1976] . To clarify the relationship between the diurnal variation properties in autumn and radiation fog, the daily frequency distribution of fog occurrence under different sky conditions in terms of the middle and lower clouds over the past 20 years is investigated ( Figure 9 ). The clear day is defined as 20% or less while the cloudy day is defined as 50% or more in cloud amount. The coastal area has a similar frequency distribution in both the clear and cloudy days during summer and winter, while having more clear days during spring and autumn (Figure 9a ). The inland area has a similar frequency distribution in both the clear and cloudy days during summer, while having relatively more clear days during spring and autumn (Figure 9b) . Furthermore, the inland area has relatively more clear days in autumn than in spring. Therefore, it can be considered that the autumn fog is closely related to radiation fog, supporting our results with the third EOF mode.
Conclusions
[37] Forecasting formation, duration, and intensity of fog is a challenging problem. For improving fog forecast, better understanding of spatial and temporal characteristics of fog occurrence is essential. However, such efforts have been limited to case studies on specific fog types at limited locations or studies based on analyses of monthly climate data. In this study, aimed at providing a framework to improve quantitative forecast of fog over South Korea, fogs are classified based on the spatial and temporal characteristics using the visibility data and the EOF and wavelet analyses.
[38] The visibility and cloud amount data were collected at a 3 h interval for 20 years at 26 observation stations (14 coastal and 12 inland). The monthly sea surface temperature and surface air temperature data over three seas around the Korean Peninsula are also used. The SSTs are based on the averaged monthly data of optimal interpolation SST over the past 20 years (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) . The SAT data are based on the averaged monthly data of NCEP/NCAR reanalysis for the past 20 years.
[39] Fog is defined in terms of visibility (<1 km), and poor visibility caused by precipitation is excluded. General features of fog occurrence over South Korea include the following.
[40] 1. Fog occurrence is the highest in June in both coastal and inland areas and is dominant during spring and summer in the coastal area and during autumn and winter in the inland area.
[41] 2. The fog occurrence around the eastern coast and western part of the southern coast in summer shows higher frequency than inland and varies rarely with time (i.e., little affected by the diurnal variation). Therefore, it is closely related to the sea (advection) fog. The autumn fog mostly occurs in the inland with high frequency at nighttime and low frequency at daytime. Hence, it is related to the radiation fog.
[42] 3. The Yellow Sea has the largest magnitude of SAT-SST in summer than the other seas, implying greater potential for sea fog occurrence. However, the frequency of coastal fog, which includes various fog types, is higher in the coastal areas of the East Sea/Sea of Japan and the East China Sea than those in the YS.
[43] The empirical orthogonal function analysis is performed to the visibility data to extract spatial distribution characteristics via dimension reduction, whereas the wavelet analysis is applied to the EOF time series to specify the multiscale spatiotemporal characteristics of fog occurrence in the space of time versus scale (i.e., period in this study) via space-time wavelet expansion. The spatiotemporal structures of fog over South Korea thus obtained are compared to previous studies and general features examined here and are used to classify fog occurrence based on spatial distributions, periods, and scales of meteorological forcing and to understand physical mechanisms of formation.
[44] The first EOF mode occupies 48.9% of total variance and shows the fog distribution covering almost entire areas of South Korea with one sign (+), except at the eastern coast and western part of the southern coast. The wavelet analysis reveals that this fog occurs based on meteorological conditions of various scales from daily to seasonal, thus classified as mixed fog. Here, "mixed fog" occurs from meteorological conditions of various scales such that it may include radiation fog in a daily scale, frontal fog in weekly and monthly scales, warm/cold water fog in a weekly scale, etc. The majority of fog occurrence in South Korea is essentially affected by this mixed fog throughout the year, which can occur simultaneously at different areas in different types.
[45] The second EOF mode, which occupies 19.5% of total variance, shows distinct separation of spatial distribution of fog, with a negative (−) sign in winter over northwestern coastal/inland (Gyunggido Province), western coastal, and south central mountain (Mt. Jiri) areas of South Korea and a positive (+) sign in other seasons elsewhere. Cycles of 1-2 weeks and 1-2 months are dominant in the wavelet analysis, and this fog is considered to be strongly affected by synoptic scale weather systems and monsoon. Fog over the positive area is mostly affected by monsoon and/or cyclonic frontal systems, thus classified as frontal fog, while that over the negative area is affected by the coldcore anticyclones moving over warm sea surface in winter or by radiative cooling, thus classified as steam fog (coastal/ sea) or radiation fog (inland), respectively. The mountain area may have upslope fog attributed to orographic lifting.
[46] The third EOF mode, occupying 6.7% of total variance, depicts distinct spatial separation of fog distribution around the coastal areas with a negative (−) sign and in the inland areas with a positive (+) sign. The former, with a dominant 1-2 week cycle, is classified as sea fog affected by migratory anticyclones and monsoon in late spring and summer, whereas the latter, with a dominant 1 day cycle, represents radiation fog under clear sky in autumn.
[47] It turns out that the combined EOF and wavelet analyses are useful to assess the detailed spatial and temporal characteristics of various types of fog occurrence in South Korea. On the basis of the results obtained in this work, further study is planned for detailed analysis on the relationship between the occurrence mechanisms and geographical and/or topographical characteristics.
